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The NASA STI Program Offi ce … in Profi le
Since its founding, NASA has been ded i cat ed to the
ad vance ment of aeronautics and space science. The 
NASA Sci en tifi c and Technical Information (STI)
Pro gram Offi ce plays a key part in helping NASA 
maintain this im por tant role.
The NASA STI Program Offi ce is operated by
Langley Re search Center, the lead center for 
NASAʼ s scientifi c and technical in for ma tion. The
NASA STI Program Offi ce pro vides ac cess to
the NASA STI Database, the largest col lec tion of 
aero nau ti cal and space science STI in the world.
The Pro gram Offi ce is also NASAʼ s in sti tu tion al
mech a nism for dis sem i nat ing the results of its
research and de vel op ment ac tiv i ties. These results
are published by NASA in the NASA STI Report 
Series, which includes the following report types:
• TECHNICAL PUBLICATION. Reports of 
com plet ed research or a major signifi cant phase
of research that present the results of NASA pro-
grams and include ex ten sive data or the o ret i cal
analysis. Includes com pi la tions of sig nifi  cant 
scientifi c and technical data and in for ma tion
deemed to be of con tinu ing ref er ence value.
NASAʼ s counterpart of peer-re viewed formal
pro fes sion al papers but has less stringent lim i ta -
tions on manuscript length and ex tent of graphic
pre sen ta tions.
• TECHNICAL MEMORANDUM. Scientifi c
and tech ni cal fi ndings that are pre lim i nary or of 
spe cial ized interest, e.g., quick re lease reports, 
working papers, and bib li og ra phies that contain
minimal annotation. Does not contain extensive
analysis.
• CONTRACTOR REPORT. Scientifi c and techni-
cal fi ndings by NASA-sponsored con trac tors and
grantees.
• CONFERENCE PUBLICATION. Collected
pa pers from scientifi c and technical  conferences,
symposia, sem i nars, or other meet ings spon sored
or co spon sored by NASA.
• SPECIAL PUBLICATION. Scientifi c, tech ni cal, 
or historical information from NASA pro grams, 
projects, and mission, often con cerned with sub-
jects having sub stan tial public interest.
• TECHNICAL TRANSLATION. En glish-language 
trans la tions of foreign sci en tifi c and tech ni cal ma-
terial pertinent to NASAʼ s mis sion.
Specialized services that complement the STI Pro-
gram Offi ceʼs diverse offerings include cre at ing
custom the sau ri, building customized da ta bas es, 
organizing and pub lish ing research results . . . even
pro vid ing videos.
For more information about the NASA STI Pro gram 
Offi ce, see the following:
• Access the NASA STI Program Home Page at 
http://www.sti.nasa.gov/STI-homepage.html
• E-mail your question via the Internet to
help@sti.nasa.gov
• Fax your question to the NASA Access Help Desk 
at (301) 621-0134
• Telephone the NASA Access Help Desk at (301)
621-0390
• Write to:
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UDQJHDQGDWDQJOHVRILQFLGHQFHJUHDWHUWKDQGHJUHHVWRFDOFXODWHWKHWRWDOKHPLVSKHULFDOHPLWWDQFHDVD
IXQFWLRQRIWHPSHUDWXUHDWFU\RJHQLFWHPSHUDWXUHV,WLVKRZHYHUVRPHWLPHVSRVVLEOHWRREWDLQWKH
UHIOHFWDQFHDWQHDUQRUPDODQJOHVRILQFLGHQFHIURPWRPLFURQV7KHHPLWWDQFHDVDIXQFWLRQRI
WHPSHUDWXUHFDQWKHQEHFDOFXODWHGLIRQHDVVXPHVWKHFRDWLQJWREH/DPEHUWLDQLHSHUIHFWO\GLIIXVH7KLV
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ZDYHOHQJWKVLVDOVRDFDXVHIRULQFUHDVHGHUURULQWKHFDOFXODWLRQ7KHUHVXOWLVDQHPLWWDQFHWHPSHUDWXUH
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FRDWLQJDWWKDWWHPSHUDWXUHLVWKHQXVHGWRFDOFXODWHKHDW IORZLQWRDQGRXWRIWKHFRDWLQJ7KHDVVXPSWLRQLV
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FRDWLQJ LV WR UDLVH RU ORZHU WKHHIIHFWLYH HPLWWDQFH RI WKH FRDWLQJZLWKUHVSHFW WR WKHVXEVWUDWH7KHHIIHFW LV
JHQHUDOO\ VPDOODQGRI OLWWOHFRQVHTXHQFH )RUDFRDWLQJ OLNH.DSWRQRU7HIORQZKLFKERWKKDYHDYHU\ ORZ
WKHUPDOFRQGXFWLYLW\ WKH FKDQJH LQHIIHFWLYHHPLWWDQFHDW°. IRUDPLO WKLFNFRDWLQJZRXOG EHD OLWWOH
PRUH WKDQ  ZLWK D FRUUHVSRQGLQJ FKDQJH LQ WHPSHUDWXUH RI DSSUR[LPDWHO\ °. ,I WKH FRDWLQJ LV HYHQ
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FDOFXODWHG EDVHG RQ WKLVPHWKRGZLOOJLYHDFFXUDWH UHVXOWVSURYLGHG WKDW WKH WKLFNQHVV RI WKHFRDWLQJ RQ WKH
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IRXQGE\
PXOWLSO\LQJWKHEODFNERG\FXUYHDW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DUHKRZHYHUYHU\
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&RDWLQJ%KDVDSHDNLQIUDUHGHPLVVLRQDWPLFURQVHYHQWKRXJKERWKFRDWLQJVKDYHWKHVDPH
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7KLVFDQFUHDWHDSUREOHPZKHQDWWHPSWLQJWRFDOFXODWHWKHHTXLOLEULXPWHPSHUDWXUHRIREMHFWVLIWKHFDOFXODWLRQ
LVEDVHGVLPSO\RQWKHLQWHJUDWHGWRWDOKHPLVSKHULFDOHPLWWDQFHZLWKRXWUHJDUGWRKRZWKHLQIUDUHGHQHUJ\LV
HPLWWHGRUDEVRUEHGDVDIXQFWLRQRIZDYHOHQJWK,WLVSRVVLEOHIRUDFRDWLQJWRUDGLDWHKHDWWRDVHFRQGFRDWLQJ
LQDQDUHDRIWKHLQIUDUHGVSHFWUXPIRUZKLFKWKHUHFHLYLQJFRDWLQJKDVOLWWOHLQKHUHQWDELOLW\WRDEVRUEWKH
LQIUDUHGHQHUJ\ZKLOHWKHLQWHJUDWHGHPLWWDQFHDEVRUSWDQFHYDOXHZRXOGJLYHQRKLQWRIWKLVSUREOHP0RVW
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WKHUPDOFDOFXODWLRQVLVWKDWWKHFRDWLQJVLQYROYHGDUHJUD\ZKLFKLVWRVD\WKDWWKHLUUHIOHFWLYLW\¶VDQGKHQFH
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7F 7HPSHUDWXUHDW&RDWLQJ&
7G 7HPSHUDWXUHDW&RDWLQJ'
εF7F HPLWWDQFHRI&RDWLQJ&DWWKHWHPSHUDWXUHRI&RDWLQJ&
εF7G HPLWWDQFHRI&RDWLQJ&DWWKHWHPSHUDWXUHRI&RDWLQJ'
εG7F HPLWWDQFHRI&RDWLQJ'DWWKHWHPSHUDWXUHRI&RDWLQJ&
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7G HPLWWDQFHRI&RDWLQJ'DWWKHWHPSHUDWXUHRI&RDWLQJ'
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%RWKRIWKHVHPHWKRGVFDQHDVLO\EHVROYHGYLDDVLPSOHSURFHGXUHLQ0DWK&DGRUDQHTXLYDOHQWPDWKHPDWLFV
SURJUDP7KHUHVXOWLVWKDWWKHHTXLOLEULXPWHPSHUDWXUHIRU&RDWLQJ'ZKHQWKHQRQJUH\HIIHFWLVWDNHQLQWR
DFFRXQWLV°.ZKHUHDVWKHFDOFXODWHGHTXLOLEULXPWHPSHUDWXUHLVRQO\°.ZKHQWKHWRWDOLQWHJUDWHG
KHPLVSKHULFDOHPLWWDQFHYDOXHVDUHXVHGLQWKHFDOFXODWLRQ

7KHPD[LPXPHUURULQWKHFDOFXODWHGHTXLOLEULXPWHPSHUDWXUHRFFXUVIRUDGLVWDQFHRIPLQWKLVFDVHDQGDV
FDQEHVHHQLQWKHJUDSKEHORZWKHPD[LPXPHUURURFFXUVZKHQWKHUDGLDWRUSODWHLVDWDWHPSHUDWXUHRIDERXW
°.)RUWKLVSDUWLFXODUFDVHWKHFDOFXODWHGWHPSHUDWXUHZRXOGEHWRRORZE\DSSUR[LPDWHO\°.2WKHU
FRDWLQJVFRPELQDWLRQVFRXOGSURGXFHJUHDWHURUOHVVHUHUURUVGHSHQGLQJRQKRZWKHHPLWWDQFHRIHDFKFRDWLQJ
YDULHVDVDIXQFWLRQRIZDYHOHQJWK

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)LJXUH1RQ*UH\(TXLOLEULXP7HPSHUDWXUHHUURUIRUFRDWLQJ&

7KHRQO\ZD\WREHVXUHLIDQRQJUH\HUURULVJRLQJWRSUHVHQWDSUREOHPLVWRPHDVXUHWKHWRWDOKHPLVSKHULFDO
UHIOHFWDQFHRIHDFKRIWKHFRDWLQJVLQTXHVWLRQDQGFDOFXODWHWKHWHPSHUDWXUHEDVHGRQWKHUHIOHFWDQFH
LQIRUPDWLRQRIHDFKFRDWLQJRYHUDVXIILFLHQWZDYHOHQJWKUDQJH
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6RODU$EVRUSWDQFH

(OHFWURPDJQHWLFWKHRU\FDQDWOHDVWLQSULQFLSDOEHXVHGWRFDOFXODWHWKHUHIOHFWDQFHRIDJLYHQFRDWLQJSURYLGHG
WKHIXQGDPHQWDOSURSHUWLHVRISHUPLWWLYLW\SHUPHDELOLW\DQGFRQGXFWLYLW\DUHNQRZQ,QSUDFWLFHKRZHYHUWKRVH
SURSHUWLHVZLOOUDUHO\LIHYHUEHNQRZQIRUDFRDWLQJRILQWHUHVW,WLVWKHUHIRUHFOHDUWKDWIRUPDQ\SXUSRVHVWKH
WKHUPDORSWLFDOSURSHUWLHV RI WKHUPDOFRQWUROFRDWLQJVPXVWEHPHDVXUHG LQRUGHU WRNQRZ WKHLUYDOXH WRDQ\
SUHFLVLRQ 7KH FDOFXODWLRQ RI WKH VRODU DEVRUSWDQFH KRZHYHU UHTXLUHV NQRZOHGJH RI WKH WRWDO KHPLVSKHULFDO
UHIOHFWDQFH RI WKHFRDWLQJ7KLVFUHDWHV VSHFLDO SUREOHPV LQPHDVXUHPHQW VLQFH WKH UHIOHFWHG OLJKW IRUPDQ\
FRDWLQJVLVDFRPSRVLWHRIERWKGLIIXVHDQGVSHFXODUUHIOHFWLRQVDVLVVHHQLQ)LJXUH7KHLQFLGHQWHQHUJ\DW
DJLYHQDQJOHθLVVHSDUDWHGLQUHIOHFWLRQLQWRDVSHFXODUFRPSRQHQWUVDWDQJOHθDQGDGLIIXVHFRPSRQHQWWKH
UG¶VLQ)LJXUHZKLFKFDQEHDWDQ\DQJOHRID]LPXWKβDQGDOWLWXGHφ
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)LJXUH'LUHFWLRQDO7RWDO5HIOHFWLYLW\

,WLVWKHUHIRUHQHFHVVDU\WRPHDVXUHWKHUHIOHFWDQFHE\PHDQVRIDQLQWHJUDWLQJVSKHUHVRWKDWERWKWKHVSHFXODU
DQG GLIIXVH FRPSRQHQWV DUH DFFRXQWHG IRU RU LQWHJUDWHG RYHU DOO DQJOHVβ DV ZHOO DV φ WR REWDLQ WKH WRWDO
KHPLVSKHULFDOUHIOHFWDQFHIRUDJLYHQDQJOHRILQFLGHQFH)RUDJLYHQDQJOHRILQFLGHQFHθWKHDEVRUSWDQFHLV
JLYHQE\UHIHUHQFH
( ) ( ) ( )   θτθρθα −−   

:KHUHρDQGτDUHWKHWRWDOUHIOHFWDQFHDQGWUDQVPLWWDQFHUHVSHFWLYHO\IRUDJLYHQDQJOHRILQFLGHQFHθ,IWKH
VDPSOHLVRSDTXHDVLVRIWHQWKHFDVHIRUDWKHUPDOFRQWUROFRDWLQJWKHWUDQVPLWWDQFHLV]HURDQGRQO\WKHWRWDO
KHPLVSKHULFDO UHIOHFWDQFH QHHGV WR EHPHDVXUHG WR FDOFXODWH WKH WRWDO KHPLVSKHULFDO DEVRUSWDQFH IRU D JLYHQ
DQJOHRILQFLGHQFH
7KHWRWDOGLUHFWLRQDOVRODUDEVRUSWDQFHFDQEHIRXQGIURPWKHDERYHHTXDWLRQE\ZHLJKWLQJWKHWRWDOGLUHFWLRQDO
UHIOHFWDQFHDFFRUGLQJWRWKHVRODUVSHFWUXPDQGLQWHJUDWLQJRYHUWKHVRODUVSHFWUXP

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:KHUH6λ LV WKH VRODU H[WUDWHUUHVWULDO VSHFWUXP DQG5λθ LV WKH WRWDO GLUHFWLRQDO KHPLVSKHULF UHIOHFWDQFH
LQWHJUDWHGRYHUDOODQJOHVRIβDQGφIRUDJLYHQDQJOHRILQFLGHQFHθDVLQ)LJXUH

$ PHWKRG DQG SURFHGXUH IRU WKH PHDVXUHPHQW RI UHIOHFWDQFH DQG FDOFXODWLRQ RI VRODU DEVRUSWDQFH LV
FRQWDLQHGLQ$670(7KLVVWDQGDUGJLYHVWKHSURFHGXUHIRUERWKFHQWHUVDPSOHPRXQWHGLQWHJUDWLQJ
VSKHUHVDQGVLGHVDPSOHPRXQWHGLQWHJUDWLQJVSKHUHVVHHWKH)LJXUHEHORZ

'HWHFWRU
VDPSOH
5HIHUHQFH
(GZDUGV7\SH,QWHJUDWLQJ6SKHUH
,QFLGHQFH$QJOH
5HIHUHQFH%HDP
6DPSOH%HDP
7UDQVPLWWDQFH
6DPSOH
/RFDWLRQ
5HIHUHQFH%HDP
6DPSOH%HDP
6DPSOH
5HIHUHQFH
7UDQVPLWWDQFH
6DPSOH
/RFDWLRQ
'HWHFWRU
)RXU3RUW&RPSDUVLRQ,QWHJUDWLQJ6SKHUH
)LJXUH7ZR7\SHVRI,QWHJUDWLQJ6SKHUHV

7KHPDLQDGYDQWDJHRIDFHQWHU VDPSOHPRXQWHG  LQWHJUDWLQJVSKHUH LVWKDW WKHUHVXOWLQJPHDVXUHPHQWLV
DEVROXWH7KHGLVDGYDQWDJH LV WKDWD VPDOO VDPSOH W\SLFDOO\DERXW LQFK LQGLDPHWHULVUHTXLUHG$VLGH
PRXQWHG LQWHJUDWLQJVSKHUHKDV WKHDGYDQWDJH WKDWDQ\VL]HVDPSOH WRZLWKLQUHDVRQFDQEHDFFRXQWHGDV
ORQJ DV WKH VDPSOH LV IODW EXW WKH LQWHJUDWLQJ VSKHUH FRDWLQJUHIOHFWDQFHPXVW EH YHU\ QHDUO\ DQG
XQLIRUPRYHU WKHPHDVXUHPHQWZDYHOHQJWKEHFDXVH WKH UHIOHFWDQFHGRHVQRWFDQFHORXW RI WKHHTXDWLRQV
7KHFHQWHUPRXQWHGVDPSOHVSKHUHKDVWKHDGGLWLRQDODGYDQWDJHWKDWLWZLOOFRQWLQXHWRJLYHDFFXUDWHUHVXOWV
HYHQLIWKHVSKHUHFRDWLQJLVGHJUDGHGDVORQJDVWKHGHJUDGDWLRQFRQWDPLQDWLRQLVXQLIRUPRYHUWKHHQWLUH
VXUIDFH RI WKH VSKHUH :LWK D VLGH PRXQWHG VSKHUH RQH PXVW DOZD\V EH RQ JXDUG DJDLQVW VSKHUH
GHJUDGDWLRQFRQWDPLQDWLRQDVPHDVXUHPHQWHUURUVZLOOUHVXOW

,W LVDOVRVRPHWLPHVXVHIXO WRNQRZ WKHUHIOHFWDQFHRID VDPSOHDVD IXQFWLRQRIDQJOHRI LQFLGHQFH7KH
FHQWHU VDPSOHPRXQWHG LQWHJUDWLQJVSKHUHFDQSHUIRUPWKLV W\SHRIPHDVXUHPHQWZKLOH WKHVLGHPRXQWHG
LQWHJUDWLQJ VSKHUH LV OLPLWHG WR D QHDU QRUPDO DQJOH RI LQFLGHQFH 7KH FHQWHUPRXQWHG VSKHUH KDV WKH
DGYDQWDJHWKDWWKHUHIOHFWLYLW\RIWKHVSKHUHFRDWLQJFDQFHOVRXWRIWKHHTXDWLRQVOHDYLQJWKHDEVROXWHUHIOHFWDQFH
RIWKHVDPSOH,WDOVRKDVWKHDGYDQWDJHWKDWWKHWRWDOKHPLVSKHULFDOUHIOHFWDQFHFDQEHPHDVXUHGDVDIXQFWLRQRI
DQJOH RI LQFLGHQFH7KH WRWDO WUDQVPLWWDQFH RI VDPSOHV FDQ DOVR EHPHDVXUHGZLWK WKH LQWHJUDWLQJ VSKHUH DV
VKRZQ LQ )LJXUH  7KLV PHDVXUHPHQW LQFOXGHV QRW RQO\ WKH GLUHFW WUDQVPLWWDQFH EXW DOVR WKH VFDWWHU
WUDQVPLWWDQFHDVZHOODQGFDQEHXVHGLQWKHFDOFXODWLRQRIWKHVRODUDEVRUSWDQFHRIWUDQVSDUHQWILOPV

,ILWZHUHSRVVLEOHWRPHDVXUHWKHWRWDOKHPLVSKHULFHPLWWDQFHIURP]HURWRLQILQLW\WKHQWKHRQO\HUURUZRXOGEH
WKH UHVXOW RI WKH LQDFFXUDF\ RI WKH UHIOHFWDQFHPHDVXUHPHQWDQG WKHHUURU LQ WKHVRODU VSHFWUXPGDWD$670
( VWDWHV WKDW WKH W\SLFDO XQFHUWDLQW\ LQ WKH FDOFXODWLRQ RI WKH VRODU DEVRUSWDQFH IURP WKH VWDQGDUG VRODU
VSHFWUXP DQG WKH PHDVXUHG UHIOHFWDQFH JLYHV SUDFWLFDO HUURU RI ±  7KLV KRZHYHU LV IRU UHIOHFWDQFH
PHDVXUHPHQWV PDGH RYHU WKH HQWLUH ZDYHOHQJWK UDQJH ,Q SUDFWLFH KRZHYHU WKH LQWHJUDWLRQ RI WKH DERYH
HTXDWLRQFDQRQO\EHFDUULHGRXWRYHUWKHZDYHOHQJWKUDQJHRIWKHUHIOHFWDQFHPHDVXUHPHQWLQVWUXPHQWZKLFKLV
W\SLFDOO\ IURP QP WR QP 7KH $670 ( LQGLFDWHV WKDW WKH HQHUJ\ DW DLU PDVV ]HUR RYHU WKDW
ZDYHOHQJWK UDQJH LV RQO\  RI WKH WRWDO VRODU VSHFWUXPZLWKPRVW RI WKH UHVLGXDO HQHUJ\ EHLQJ DW WKH
LQIUDUHGSRUWLRQ RI WKHVSHFWUXPDWZDYHOHQJWKVJUHDWHU WKDQQP7KHUHIRUH LQDGGLWLRQ WR WKH LQKHUHQW

±HUURULQWKHFDOFXODWHGVRODUDEVRUSWDQFHDV VXJJHVWHGE\$670(WKHUHLVDOVRDSRWHQWLDOHUURURI
GXHWRWKHLQIUDUHGVRODUHQHUJ\DWZDYHOHQJWKVRXWRIWKHUDQJHRIWKHUHIOHFWDQFHLQVWUXPHQWDWLRQ6RWKH
EHVWVRODUDEVRUSWDQFHWKDWFDQEHFDOFXODWHGLVUHIHUHQFH
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)RUWXQDWHO\WKHFDOFXODWHGVRODUDEVRUSWDQFHRIPDQ\VSDFHFUDIWWKHUPDOFRQWUROFRDWLQJVZRXOGQRWEHJUHDWO\
DOWHUHGLIWKHUHIOHFWDQFHEH\RQGQPZHUHDFWXDOO\PHDVXUHG

5HIOHFWDQFHGRHVYDU\DVD IXQFWLRQRIDQJOHRILQFLGHQFHDQGWKLVFDQKDYHDQHIIHFWRQWKHFDOFXODWHGVRODU
DEVRUSWDQFHEXWWKHHIIHFWLVJHQHUDOO\VPDOO7KHFKDUWEHORZJLYHVWKHFKDQJHLQFDOFXODWHGVRODUDEVRUSWDQFH
DVDIXQFWLRQRIDQJOHRILQFLGHQFHIRUVRPHFRPPRQWKHUPDOFRQWUROFRDWLQJV6RODUDEVRUSWDQFHVDUHW\SLFDOO\
PHDVXUHGDWDQHDUQRUPDODQJOHRILQFLGHQFHW\SLFDOO\±GHJUHHVDQGXQOHVVRWKHUZLVHVWDWHGLWVKRXOG
EHDVVXPHGWKDWWKHVWDWHGVRODUDEVRUSWDQFHYDOXHZDVPHDVXUHGDWDQHDUQRUPDODQJOHRILQFLGHQFH
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)LJXUH6RODU$EVRUSWDQFHDVD)XQFWLRQRI$QJOHRI,QFLGHQFH


7KHFRDWLQJWKLFNQHVVFDQDOVRDIIHFWWKHVRODUDEVRUSWDQFHSDUWLFXODUO\ZKLWHSDLQWV7KLVLVSULPDULO\GXHWR
WKHIDFWWKDWPRVWWKHUPDOFRQWUROFRDWLQJVDUHUDWKHUWKLQW\SLFDOO\MXVWDIHZPLOVWKLFNDQGKHQFHWHQGWREH
VHPLWUDQVSDUHQWZKHQDSSOLHGWKLQQHUWKDQUHFRPPHQGHG7KHFKDUWEHORZVKRZVKRZVRODUDEVRUSWDQFHFDQ
YDU\IRUDZKLWHVLOLFRQHFRDWLQJDVDIXQFWLRQRIFRDWLQJWKLFNQHVV
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)LJXUH6RODU$EVRUSWDQFHRID:KLWH6LOLFRQH3DLQWDVD)XQFWLRQRI7KLFNQHVV


)URP WKH VRODU DEVRUSWDQFH HTXDWLRQ LW LV FOHDU WKDW WKH FDOFXODWHG DEVRUSWDQFH GHSHQGV RQ WKH VRODU
VSHFWUXP7KLVLVGLIIHUHQWIURPWKHWHUUHVWULDOVSHFWUXPGXHWRWKHDEVRUSWLRQRIWKHDWPRVSKHUH7KHJUDSK
EHORZVKRZVWKHGLIIHUHQFHLQDQDLUPDVVVSHFWUXPRIWKHVXQDW$8ZLWKQRDWPRVSKHULFDWWHQXDWLRQ
DQG DQ DLU PDVV  VRODU VSHFWUXP VSHFWUXP RI WKH VXQ ZLWK DWPRVSKHULF DWWHQXDWLRQ DV ZRXOG EH
REVHUYHGZKHQWKHVXQLVDWDQHOHYDWLRQRI°DERYHWKHKRUL]RQZLWKWKHVXUIDFHQRUPDOWRWKHVXQ
UHIHUHQFH
)LJXUH&RPSDULVRQRI6RODU6SHFWUXP$0DQG$LU0DVV6SHFWUXP

,WVKRXOGEHQRWHGWKDWLIRQHZHUHRUELWLQJDGLIIHUHQWVWDUV\VWHPWKHFDOFXODWHGDEVRUSWDQFHIRUDSDUWLFXODU
FRDWLQJZRXOG EH GLIIHUHQW:KHQ WHVWLQJ LQ D YDFXXPFKDPEHU RIWHQ D ODPS LV XVHG WR VLPXODWH WKH VRODU
VSHFWUXP)RUWKHVHFDVHVWKHVSHFWUXPRIWKHVLPXODWHGVRODUEHDPLVGLIIHUHQWWKDQWKHDFWXDOVXQDQGKHQFH
WKHDEVRUSWDQFHRIVRPHFRDWLQJVPD\EHGLIIHUHQWXQGHUWKHVHFLUFXPVWDQFHVWKDQIRUDQDLUPDVV]HURVRODU
DEVRUSWDQFH7KHGLIIHUHQFHLQVSHFWUXPIRUDWXQJVWHQODPSDQGXQILOWHUHG;HQRQODPSFDQEHVHHQLQ)LJXUH
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
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)LJXUH&RPSDULVRQRI6RODU8QILOWHUHG;HQRQ/DPSDQG7XQJVWHQ/DPS6SHFWUXP


7KHGLIIHUHQFHLQVSHFWUXPFDQPDNHDVXEVWDQWLDOGLIIHUHQFHLQWKHDEVRUEHGHQHUJ\7KHWDEOHEHORZJLYHV
WKHFDOFXODWHGVRODUDEVRUSWDQFHIRUVHYHUDOFRPPRQWKHUPDOFRQWUROFRDWLQJVDQGFRPSDUHVWKHUHVXOWVZLWK
WKHDEVRUSWDQFHFDOFXODWHGIRUWKHVRODUVSHFWUXPDQXQILOWHUHG;HQRQODPSDQGDWXQJVWHQODPS
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0HDVXUHPHQWRI(PLWWDQFH

7KHDFFXUDWHGHWHUPLQDWLRQRIVSDFHFUDIWWHPSHUDWXUHVUHTXLUHVDJRRGNQRZOHGJHRIWKHKHPLVSKHULFDO
HPLWWDQFHRIWKHVSDFHFUDIWFRDWLQJVLQYROYHG7KHUHDUHVHYHUDOPHWKRGVIRUGHWHUPLQLQJWKHHPLWWDQFHRI
WKHUPDOFRQWUROFRDWLQJVE\LQIUDUHGUHIOHFWRPHWU\FDOFXODWLRQRIHPLWWDQFHEDVHGRQLQIUDUHGUHIOHFWDQFH
PHDVXUHPHQWVE\DFDORULPHWULFWHFKQLTXHIRUGHWHUPLQLQJWKHKHPLVSKHULFDOHPLWWDQFHDVDIXQFWLRQRI
WHPSHUDWXUHDQGE\DWKHUPDOEDODQFHPHWKRGWRGHWHUPLQLQJWKHWRWDOKHPLVSKHULFDOHPLWWDQFH(DFK
PHWKRGKDVLWVDGYDQWDJHVDQGSRWHQWLDOSUREOHPVDVDUHGLVFXVVHGEHORZ


,QIUDUHG5HIOHFWRPHWU\

7KHVLPSOHVWPHWKRGRIGHWHUPLQLQJHPLWWDQFHLVZLWKDSRUWDEOHLQIUDUHGUHIOHFWRPHWHUVXFKDVWKH'%
RUWKH$]7HN7HPS7KH*LHU'XQNHO'%KDVEHHQWKHPDLQVWD\LQWKHDHURVSDFHLQGXVWU\IRU
WKLVW\SHRIPHDVXUHPHQWIRUPRUHWKDQ\HDUV7KH'%KRZHYHULVQRORQJHUPDQXIDFWXUHGRU
VHUYLFHG7KHUHDUHKRZHYHUVWLOOPDQ\'%¶VLQRSHUDWLRQDURXQGWKHFRXQWU\LQFOXGLQJWZRDWWKH
*6)&7KHEDVLFRSHUDWLRQRIWKH'%FRQVLVWVRIWZRVHPLF\OLQGULFDOURWDWLQJFDYLWLHV2QHRIWKH
FDYLWLHVLVKHDWHGDQGWKHRWKHULVKHOGDWURRPWHPSHUDWXUH$VWKHFDYLWLHVURWDWHWKHVDPSOHLVDOWHUQDWHO\
LUUDGLDWHGE\WKHLQIUDUHGHQHUJ\IURPWKHKRWDQGFROGFDYLWLHV7KHUHIOHFWHGIOXFWXDWLQJUDGLDQWHQHUJ\
IURPWKHVDPSOHLVIRFXVHGRQWRDQLQIUDUHG3RWDVVLXP%URPLGH.%UGHWHFWRU7KHUHVXOWLQJHOHFWULFDO
VLJQDOLVWKHQDPSOLILHGDQGFRQYHUWHGLQWRDQLQIUDUHGUHIOHFWDQFH7KHHIIHFWLYHPHDVXUHPHQWUDQJHRIWKH
'%LVIURPPLFURQVDQGFRQVHTXHQWO\FRYHUVDSSUR[LPDWHO\RIWKHHQHUJ\HPLWWHGE\DEODFN
ERG\DWURRPWHPSHUDWXUH7KHRIWKHVSHFWUXPDWURRPWHPSHUDWXUHQRWPHDVXUHGE\WKH'%LV
PRVWO\DWZDYHOHQJWKVORQJHUWKDQPLFURQV



)LJXUH*LHU'XQNHO'%

7KHDGYDQWDJHWRWKH'%LVWKDWWKHPHDVXUHPHQWLVIDVWMXVWDIHZVHFRQGVDQGWKHUHIRUHFKHDSWR
SHUIRUP7KHSULPDU\GLVDGYDQWDJHWRXVLQJDGHYLFHOLNHWKH'%LVWKDWLWJLYHVRQO\DWRWDO
PHDVXUHPHQWRYHUWKHJLYHQZDYHOHQJWKUDQJHDQGZLOOEHDFFXUDWHRYHUWKDWZDYHOHQJWKUDQJHSURYLGHG
WZRLPSRUWDQWFDYHDWVDUHPHW)LUVWIRUWKLVPHDVXUHPHQWWREHYDOLGWKHUHIOHFWDQFHRIWKHVDPSOHPXVWEH
JUH\ZKLFKLVWRVD\WKDWWKHUHIOHFWDQFHGRHVQRWYDU\RYHUWKHZDYHOHQJWKUDQJH6HFRQGWKHUHIOHFWDQFH
PXVWEH/DPEHUWLDQUHIOHFWDQFHGRHVQRWYDU\ZLWKDQJOHRILQFLGHQFH,IWKHUHIOHFWLYLW\RIWKHVDPSOH
YDULHVZLWKZDYHOHQJWKLQWKHLQIUDUHGWKHQWKHVHQVLWLYLW\RIWKHGHWHFWRUDVDIXQFWLRQRIZDYHOHQJWKZLOO
SOD\DUROHLQWKHPHDVXUHPHQWWKHJUDSKEHORZVKRZVW\SLFDOVHQVLWLYLW\FXUYHVIRUYDULRXVLQIUDUHG
GHWHFWRUVUHIHUHQFHDQGWKHUHVXOWLQJPHDVXUHGLQIUDUHGUHIOHFWDQFHPD\QRWEHDFFXUDWH


)LJXUH6SHFWUDO5HVSRQVH&KDUDFWHULVWLFVRI9DULRXV,QIUDUHG'HWHFWRUVUHIHUHQFH

7KH.%UGHWHFWRULVRQHWKDWLVFRPPRQO\XVHGLQGHYLFHVOLNHWKH'%DQGDVFDQEHVHHQWKH
VHQVLWLYLW\SHDNVMXVWSULRUWRFPDQGKDVDQHDUOLQHDUUHVSRQVHLQWKH1,5DQGWKH0,5UDQJH

,IWKHUHIOHFWDQFHRIWKHVDPSOHLVQRQ/DPEHUWLDQWKHQWKHIDFWWKDWWKH'%PHDVXUHVWKHUHIOHFWDQFH
QRUPDOO\DQGQRWDVDIXQFWLRQRIDQJOHRILQFLGHQFHZLOOFDXVHWKHPHDVXUHGLQIUDUHGUHIOHFWDQFHYDOXHWR
EHLQDFFXUDWH,WVKRXOGEHSRLQWHGRXWKRZHYHUWKDWDVVXPLQJWKHVDPSOHWREH/DPEHUWLDQDQGJUD\RYHU
WKHZDYHOHQJWKUDQJHIRUPDQ\VDPSOHVLVQRWDEDGDSSUR[LPDWLRQ

7KH$]7HN7HPSKDVDPHDVXUHPHQWUDQJHRIPLFURQVDQGFDQPHDVXUHQRUPDODQG
KHPLVSKHULFDOHPLWWDQFHERWKEHLQJPHDVXUHGIURPDQRUPDODQJOHRILQFLGHQFH7KHFDYHDWVWKDWJRYHUQ
WKHXVHRIWKH'%DOVRJRYHUQWKH7HPSQDPHO\WKDWWKHVDPSOHPHDVXUHGPXVWEHJUD\DQG
/DPEHUWLDQDQ\GHYLDWLRQIURPWKHVHUHTXLUHPHQWVZLOOUHVXOWLQDGHFUHDVHLQWKHDFFXUDF\RIWKH
PHDVXUHPHQW


)LJXUH$]7HN7(03






(PLWWDQFH&DOFXODWHGIURP,QIUDUHG5HIOHFWDQFH0HDVXUHPHQWV

$QRWKHUPHWKRGIRUGHWHUPLQLQJWKHKHPLVSKHULFDOHPLWWDQFHRIWKHUPDOFRQWUROFRDWLQJVLVWRFDOFXODWHLW
GLUHFWO\IURPWKHUHIOHFWDQFHYVZDYHOHQJWKFXUYHRIWKHFRDWLQJ7RGRWKLVWKHWRWDOKHPLVSKHULFDO
UHIOHFWDQFHDVDIXQFWLRQRIZDYHOHQJWKDQGDQJOHRILQFLGHQFHRIWKHVDPSOHPXVWEHNQRZQRYHUD
VXEVWDQWLDOSRUWLRQRIWKHZDYHOHQJWKUDQJHRIHPLVVLRQDWWKHSODQQHGRSHUDWLQJWHPSHUDWXUHRIWKHFRDWLQJ
,IRQHKDVDFFHVVWRWKLVLQIRUPDWLRQIRUDSDUWLFXODUVDPSOHWKHQWKHWRWDOKHPLVSKHULFDOHPLWWDQFHFDQEH
FDOFXODWHGIURPWKHUHIOHFWDQFHFXUYHE\WKHIROORZLQJVHWRIHTXDWLRQV

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
:KHUHρLVWKHUHIOHFWDQFHDVDIXQFWLRQRIDQJOHRILQFLGHQFHθFLUFXPIHUHQWLDODQJOHφDQG
ZDYHOHQJWKγ7KHFRQVWDQWVKFNDQG7DUH3ODQFN¶VFRQVWDQWWKHVSHHGRIOLJKWWKH6WHIDQ%ROW]PDQ
FRQVWDQWDQGWKHWHPSHUDWXUHLQ°.,IDURRPWHPSHUDWXUHHPLWWDQFHLVFDOFXODWHGDQGFRYHUDJHRIWKH
VSHFWUXPLVGHVLUHGWKHQLWLVQHFHVVDU\WRKDYHRUKDYHPHDVXUHGWKHUHIOHFWDQFHRIWKHGHVLUHGVDPSOH
IURPWRPLFURQV

,ILWLVNQRZQRUDVVXPHGDVDJRRGDSSUR[LPDWLRQWKDWWKHUHIOHFWDQFHLVLQYDULDQWLQφDQGθWKDWLVWRVD\
/DPEHUWLDQWKHQWKHDERYHHTXDWLRQVLPSOLILHVWR


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8QIRUWXQDWHO\WKHUHIOHFWDQFHGDWDQHHGHGWRXVHZLWKWKLVHTXDWLRQLVVHOGRPNQRZQRYHUDVXIILFLHQWO\
ZLGHZDYHOHQJWKUDQJHRUDVDIXQFWLRQRIDQJOHRILQFLGHQFHWRPDNHWKLVPHWKRGXVHIXORYHUD
WHPSHUDWXUHUDQJHRWKHUWKDQURRPWHPSHUDWXUH)RULQVWDQFHWRFRYHURIWKHHPLWWHGHQHUJ\DW°.
WKHUHIOHFWDQFHZRXOGKDYHWREHPHDVXUHGIURPWRPLFURQV$W°.LWZRXOGEHQHFHVVDU\WR
PHDVXUHWKHUHIOHFWDQFHWRPLFURQVDQGIRUDVDPSOHDW°.LWZRXOGEHQHFHVVDU\WRPHDVXUHWKH
UHIOHFWDQFHWRDSSUR[LPDWHO\PLFURQV8VLQJUHIOHFWDQFHGDWDRQO\RXWWRPLFURQVIRUDVDPSOHDW
°.ZRXOGUHVXOWLQRQO\RIWKHHQHUJ\VSHFWUXPFRYHUHGE\WKHFDOFXODWLRQ

,WPXVWDOVREHUHPHPEHUHGWKDWWKLVPHWKRGGHDOVZLWKWKHVXUIDFHUHIOHFWLYLW\RIWKHFRDWLQJDQGZLOOQRW
JLYHWKHDSSDUHQWHPLWWDQFHDV³VHHQ´IURPWKHVXEVWUDWHZKLFKLVZKDWLVRIWHQQHHGHGE\WKHUPDO
HQJLQHHUV,IWKHWKLFNQHVVRIWKHVDPSOHLVVXEVWDQWLDODQGRUWKHWKHUPDOFRQGXFWLYLW\RIWKHFRDWLQJLVORZ

WKHQWKHVXUIDFHWHPSHUDWXUHRIWKHFRDWLQJFDQEHVXEVWDQWLDOO\GLIIHUHQWIURPWKHVXEVWUDWHDQGKHQFHWKH
FRDWLQJZLOODSSHDUWRKDYHDORZHUHPLWWDQFHZLWKUHVSHFWWRWKHVXEVWUDWHWKDQKDVEHHQFDOFXODWHGE\WKH
DERYHPHWKRG

&DORULPHWULF7HFKQLTXHIRU'HWHUPLQLQJ+HPLVSKHULFDO(PLWWDQFH

7KHWUDQVLHQWFDORULPHWULFWHFKQLTXHLVDQDFFXUDWHEXWDOVRWKHPRVWWLPHFRQVXPLQJPHWKRGRI
GHWHUPLQLQJWRWDOKHPLVSKHULFDOHPLWWDQFHDVDIXQFWLRQRIWHPSHUDWXUH7KHWHFKQLTXHUHOLHVRQDFFXUDWHO\
WLPLQJWKHFRROGRZQUDWHRIDEORFNRINQRZQVSHFLILFKHDWFDSDFLW\XVXDOO\SXUHDOXPLQXPFRDWHGZLWK
WKHPDWHULDOXVXDOO\DSDLQWRUWKLQILOP7KHQIURPNQRZOHGJHRIWKHVSHFLILFKHDWWRWDODUHDRIWKH
VDPSOHDQGFRROGRZQUDWHWKHHPLWWDQFHFDQEHFDOFXODWHG,QSUDFWLFHSDUDVLWLFKHDWORVVHVFDQDIIHFWWKH
DFFXUDF\RIWKHPHDVXUHPHQWDWFU\RJHQLFWHPSHUDWXUHVDQGWKHUHIRUHPXVWEHPLQLPL]HGRUHOLPLQDWHG
IURPWKHWHVWDQGWDNHQLQWRDFFRXQWGXULQJWKHFDOFXODWLRQ7KHSDUDVLWLFKHDWORVVHVLQSXWVSULPDULO\DULVH
IURPWKHKHDWORVWGXHWRWKHUHVLGXDOJDVLQWKHYDFXXPFKDPEHUKHDWFRQGXFWHGWKURXJKDQGHPLWWHGIURP
WKHWHPSHUDWXUHVHQVRUOHDGVKHDWIURPWKHVDPSOHEHLQJUHIOHFWHGEDFNWRWKHVDPSOHIURPWKHFKDPEHU
ZDOOVUDGLDQWKHDWIURPWKHRXWVLGHVWULNLQJWKHVDPSOHRUKHDWGLVVLSDWHGE\WKHWHPSHUDWXUHVHQVRULQWR
WKHVDPSOHVXEVWUDWH

,QWKLVWHVWPHWKRGLWLVDVVXPHGWKDWWKHVSHFLILFKHDWRIWKHFRDWLQJLWVHOILVVPDOOZLWKUHVSHFWWRWKH
DOXPLQXPVXEVWUDWH,IWKLVLVQRWWUXHWKHQWKHVSHFLILFKHDWDVDIXQFWLRQRIWHPSHUDWXUHPXVWEHNQRZQIRU
WKHFRDWLQJLQRUGHUIRUDQDFFXUDWHFDOFXODWLRQRIWKHHPLWWDQFHRIWKHFRDWLQJWREHPDGH

7KHWUDQVLHQWFDORULPHWULFWHFKQLTXHW\SLFDOO\FRQVLVWVRIDSXUH$OXPLQXPEORFNRU$$OXPLQXPDVD
JRRGVXEVWLWXWHFRDWHGZLWKDW\SLFDOVSDFHFUDIWFRDWLQJDQGVXVSHQGHGYLDWKHPDQJDQLQWHPSHUDWXUHVHQVRU
OHDGVLQDEODFNSDLQWHGOLTXLGKHOLXPVKURXG'XULQJWHVWLQJWKHVSHFLPHQLV ILUVWKHDWHGWR°.E\VRODU
VLPXODWRU EHDP LQSXW WKURXJK ,QIUDVLO ZLQGRZV 7KLV VWDUWLQJ WHPSHUDWXUH ZLOO QRW RQO\ JLYH YDOXHV IRU
HPLWWDQFHVOLJKWO\DERYHURRPWHPSHUDWXUHZKLFKDUHVRPHWLPHVGHVLUHGEXWDOVRDOORZWKHURRPWHPSHUDWXUH
YDOXHWRFKHFNHGE\D'%RUVLPLODUVXFKGHYLFH7KHQWKHLQSXWSRUWLVFRYHUHGDQGWKHVSHFLPHQDOORZHG
WR FRRO E\ UDGLDWLRQ WR WKH OLTXLG KHOLXP VKURXG LQ D YDFXXPRI EHWWHU WKDQ  WRUU8QGHU WKH FRQGLWLRQV
SUHVHQWLQWKHFKDPEHUWKHKHDWEDODQFHHTXDWLRQLVJLYHQE\


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
:KHUHε7Dσ77VP&SΔ7ΔWPV&SVDUHWKHHPLWWDQFHRIWKHVDPSOHDWDJLYHQWHPSHUDWXUH
VDPSOHDUHDWKH6WHIDQ%ROW]PDQFRQVWDQWVDPSOHWHPSHUDWXUHVKURXGWHPSHUDWXUHVDPSOHPDVVVSHFLILF
KHDWRIDOXPLQXPVDPSOHFRROLQJUDWHPDVVRIWKHVDPSOHFRDWLQJVSHFLILFKHDWRIWKHVDPSOHFRDWLQJ
UHVSHFWLYHO\,IWKHWRWDODUHDRIWKHVDPSOHLVVPDOOZLWKUHVSHFWWRWKHWRWDODUHDRIWKHFKDPEHUWKHKHDW
HPLWWHGIURPWKHVDPSOHDQGVXEVHTXHQWO\UHIOHFWHGIURPWKHFKDPEHUZDOOEDFNWRWKHVDPSOHFDQEH
QHJOHFWHG7KH4VGWHUPUHSUHVHQWVWKHKHDWVXSSOLHGWRWKHDOXPLQXPEORFNE\WKHVLOLFRQGLRGH
WHPSHUDWXUHVHQVRU7KLVDPRXQWVWRDIHZPLFURQZDWWVDQGUHSUHVHQWVRQO\DPLQRUFRUUHFWLRQIDFWRUHYHQ
DW°.4OOUHSUHVHQWVWKHKHDWORVVGXHWRFRQGXFWLRQDQGUDGLDWLRQRIKHDWGRZQWKHPDQJDQLQZLUHVDQG
4JDVLVWKHKHDWORVVGXHWRWKHFRQGXFWLRQRIKHDWE\WKHUHVLGXDOJDVLQWKHFKDPEHU

7KLVPHWKRGZRUNVZHOODVORQJDVWKHWKHUPDOPDVVRIWKHFRDWLQJLVVPDOOZLWKUHVSHFWWRWKHVXEVWUDWH
XVHGDQGDVORQJDVWKHVSHFLILFKHDWRIWKHVXEVWUDWHLVNQRZQRYHUWKHHQWLUHWHPSHUDWXUHUDQJHRILQWHUHVW
WRDKLJKGHJUHHRIDFFXUDF\)RUWKLVUHDVRQLWLVDGYDQWDJHRXVWRXVH$$OXPLQXPVLQFHLW¶VVSHFLILF
KHDWDVDIXQFWLRQRIWHPSHUDWXUHLVZHOONQRZQ$OVRWKHVDPSOHDUHDPXVWEHVPDOOZLWKUHVSHFWWRWKH
DUHDRIWKHVKURXGLQRUGHUWRPLQLPL]HWKHUHIOHFWLRQRIKHDWIURPWKHVDPSOHEDFNWRWKHVDPSOH7KH
SUHVVXUHLQWKHFKDPEHUPXVWDOVREHNHSWDVORZDVSRVVLEOHWRPLQLPL]HWKHFRQGXFWLRQRIKHDWIURPWKH
VDPSOHWRWKHVKURXGZDOOE\UHVLGXDOJDVVHVLQWKHFKDPEHU7KHDFWXDORSHUDWLQJSUHVVXUHRIFRXUVH
GHSHQGVRQWKHWHPSHUDWXUHUDQJHRILQWHUHVW)RUDORZHUWHPSHUDWXUHUDQJHRI±°&DSUHVVXUHRI[



WRUULVDGHTXDWHIRUORZHUWHPSHUDWXUHUDQJHDQHYHQORZHUSUHVVXUHPXVWEHPDLQWDLQHGWROHVVWKDQ[
WRUU

7KHFRQVWUDLQWRIWLPHLVRIFRXUVHDQRWKHUIDFWRUZKHQFRQVLGHULQJWKLVDSSURDFK)RUDVXEVWUDWHPDVVRI
VD\JUDPVDQGDW\SLFDOKLJKHPLWWDQFHSDLQWWKHWLPHUHTXLUHGIRUWKHWHVWFDQEHVHYHUDOGD\V)RUD
ORZHPLWWDQFHVDPSOHWKHWHVWWLPHFDQLQFUHDVHWRVHYHUDOZHHNV

7KHGLDJUDPEHORZVKRZVWKHEDVLFVFKHPDWLFFRQFHSWRIWKHWHVWPHWKRG

/LTXLG+HOLXP
/16KURXG
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)URQW9LHZ
7RS9LHZ
$OXPLQXP
'RRU
6DPSOH
'HZDU 'HZDU
6LOLFRQ'LRGH
0DQJDQLQ
:LUHV
'HZDU6XSSRUWV
$$OXPLQXP
(SR[\
JDV
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OHDGORVV+HDW5DGLDWHG
/H+6KURXG
/H+6KURXG

)LJXUH(PLWWDQFHE\WKH&DORULPHWULF7HFKQLTXHDFRQFHSWXDOUHSUHVHQWDWLRQ



7KHUPDO%DODQFH0HWKRGIRU'HWHUPLQLQJ7RWDO+HPLVSKHULFDO(PLWWDQFH

7KHIRXUWKPHWKRGRIGHWHUPLQLQJHPLWWDQFHLVZLWKDWKHUPDOEDODQFHWHVW,QWKLVPHWKRGDKHDWHGVDPSOH
LVVXVSHQGHGLQVLGHDFROGYDFXXPVKURXGZLWKDKHDWHUDWWDFKHGWRWKHVXEVWUDWH:LWKDFRQVWDQWDQG
DFFXUDWHO\GHWHUPLQHGSRZHUKHDWOHYHOWRWKHVXEVWUDWHWKHWHPSHUDWXUHLVDOORZHGWRFRPHWRHTXLOLEULXP
ZLWKWKHVKURXG7KHQWKHHPLWWDQFHFDQWKHQEHGHWHUPLQHGXWLOL]LQJWKHIROORZLQJKHDWEDODQFHHTXDWLRQ


 NNNN 4JDV9, 7V7D −− σε 



:KHUH7LVWKHWHPSHUDWXUHRIWKHVDPSOH7VLVWKHWHPSHUDWXUHRIWKHVKURXG9LVWKHKHDWHUYROWDJH,LV
WKHKHDWHUFXUUHQWσLVRIFRXUVHWKH6WHIDQ%ROW]PDQFRQVWDQWDLVWKHVDPSOHDUHDDQG4JDVLVWKHKHDW
ORVWGXHWRWKHFRQGXFWLRQRIKHDWE\WKHUHVLGXDOJDVLQWKHFKDPEHU

7KHORVVGXHWRKHDWIORZLQJGRZQWKHWHPSHUDWXUHVHQVRUOHDGVDQGWKHKHDWZLUHVDQGKHDWHUVHQVRUVFDQ
IRUWKHPRVWSDUWEHHOLPLQDWHGE\WKHXVHRIDJXDUGKHDWHU7KLVLVDWKLQKHDWHUSODFHGDERYHWKHVDPSOH
WKURXJKZKLFKDOORIWKHZLUHVFRPLQJIURPWKHVDPSOHPXVWSDVV$OORIWKHZLUHVPXVWEHWKHUPDOO\WLHGWR
WKHJXDUGKHDWHUZKLFKLVRSHUDWHGDWWKHVDPHWHPSHUDWXUHDVWKHVDPSOH7KLVHIIHFWLYHO\HOLPLQDWHVKHDW
IORZIURPWKHVDPSOHWRWKHVKURXGZDOOYLDWKHKHDWHUDQGWKHUPRFRXSOHZLUHV

%HORZLVDFRQFHSWXDOGLDJUDPRIWKHH[SHULPHQWDOVHWXS

/LTXLG+HOLXP
/16KURXG
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4
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3ODWH
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6DPSOH
'HZDU
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*DXUG+HDWHU7&OLQHV
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4U
+HDWHU
*DXUG+HDWHU
)LJXUH(PLWWDQFHE\D7KHUPDO%DODQFH7HFKQLTXHD&RQFHSWXDO5HSUHVHQWDWLRQ

7KHWKHUPDOEDODQFHWHVWPHWKRGRIGHWHUPLQLQJWRWDOKHPLVSKHULFDOHPLWWDQFHZRUNVZHOOEXWGRHVKDYH
VHYHUDOGLIILFXOWLHVDVVRFLDWHGZLWKLW7KHVDPSOHDSSURDFKHVWKHHTXLOLEULXPWHPSHUDWXUHDV\PSWRWLFDOO\
DQGLWFDQEHGLIILFXOWWRMXGJHZKHQWKHVDPSOHKDVDFWXDOO\UHDFKWKHHTXLOLEULXPWHPSHUDWXUH&DUHPXVW
DOVREHWDNHQWRLQVXUHWKDWWKHWHPSHUDWXUHRIWKHJXDUGKHDWHULVDGMXVWHGWRWKHVDPHWHPSHUDWXUHDVWKH



VDPSOH$GMXVWLQJWKHJXDUGKHDWHUWHPSHUDWXUHFDQKRZHYHUDIIHFWWKHVDPSOHWHPSHUDWXUHDQGWKLVIXUWKHU
FRPSOLFDWHVWKHMXGJHPHQWRIWKHHTXLOLEULXPWHPSHUDWXUH7KHJXDUGKHDWHULWVHOIPXVWEHFRQVWUXFWHGLQ
VXFKDZD\WKDWDOOWKHZLUHVSDVVLQJWKURXJKLWWKHKHDWHUZLUHVWKHWKHUPRFRXSOHZLUHVDQGYROWDJH
PHDVXUHPHQWZLUHVDUHLQJRRGWKHUPDOFRQWDFWZLWKWKHKHDWHURYHUWKHWHVWWHPSHUDWXUHUDQJH7KLVFDQEH
DSUREOHPLIWKHZLUHVDUHRIGLIIHUHQWGLDPHWHURUKDYHGLIIHUHQWLQVXODWLRQWKLFNQHVVHV/DVWO\DORZ
HPLWWDQFHFRDWLQJVKRXOGEHDSSOLHGWRWKHZLUHLQVXODWLRQEHWZHHQWKHVDPSOHDQGWKHJXDUGKHDWHUWR
PLQLPL]HWKHKHDWUDGLDWHGWRWKHVKURXGZDOOE\WKHZLUHLQVXODWLRQ



0HWKRGVRI,QFUHDVLQJ(PLWWDQFH

$KLJKWKHUPDOHPLWWDQFHLVW\SLFDOO\GHVLUHGIRUPDQ\DSSOLFDWLRQV$FKLHYLQJDVXIILFLHQWO\KLJK
HPLWWDQFHFDQEHDGLIILFXOWWKLQJWRDFKLHYH7KHW\SLFDOPHWKRGVIRUDFKLHYLQJDKLJKHPLWWDQFHLQFOXGH
URXJKHQLQJWKHVXUIDFHLQFUHDVLQJWKHWKLFNQHVVRIWKHFRDWLQJDQGWKHXVHRIFRDWHGKRQH\FRPEPDWHULDO
(DFKKDVLWVOLPLWDWLRQV

,QWKHILUVWFDVHLQFUHDVLQJWKHWKLFNQHVVRIWKHFRDWLQJZLOOLQFUHDVHWKHHPLWWDQFHEXWRQO\XSWRD
PD[LPXPYDOXH%H\RQGDPDWHULDOVSHFLILFWKLFNQHVVDSSO\LQJDWKLFNHUFRDWLQJZLOODFWXDOO\ORZHUWKH
HIIHFWLYHHPLWWDQFH7KLVRFFXUVZKHQWKHWKHUPDOFRQGXFWLYLW\RIWKHFRDWLQJLVORZHQRXJKWRDOORZWKH
VXUIDFHWHPSHUDWXUHRIWKHFRDWLQJWRIDOOEHORZWKHVXEVWUDWHWHPSHUDWXUH7KLVZLOOLQWXUQORZHUWKH
DPRXQWRIKHDWUDGLDWHGWRVSDFHDQGFRQVHTXHQWO\WKHPDWHULDOZLOODSSHDUWRKDYHDORZHUHPLWWDQFHDQGLQ
IDFWWKHHIIHFWLYHHPLWWDQFHRIWKHFRDWLQJZLOOGURS,WLVLQVRPHUHVSHFWVDNLQWRSXWWLQJDWKHUPDOEODQNHW
0/,RYHUWKHVXEVWUDWHDOWKRXJKWKHWUXHHPLWWDQFHRIWKHVXUIDFHKDVQ¶WFKDQJHGWKHHIIHFWLYHHPLWWDQFH
RIWKHFRDWLQJZLOODSSHDUORZDQGWKHWRWDOKHDWUHMHFWHGWRVSDFHDVDFRQVHTXHQFHZLOOEHORZHU

+RQH\FRPEZRUNVZHOODWLQFUHDVLQJWKHHIIHFWLYHHPLWWDQFHRIDFRDWLQJ,WPXVWEHNHSWLQPLQGKRZHYHU
WKDWWKHW\SLFDOFHOOVLQDKRQH\FRPEVKHHWDUHVPDOODQGQXPHURXV7KHLUVPDOOVL]HDQGQXPEHUPDNHV
DEUDGLQJWKHVXUIDFHLQSUHSDUDWLRQIRUSDLQWLQJLPSRVVLEOH7KLVPHDQVWKDWFOHDQLQJWKHFHOOVLVWKHRQO\
PHWKRGRIHQVXULQJJRRGDGKHVLRQRIWKHSDLQWWRWKHFHOOZDOO,WPXVWEHDOVRNHSWLQPLQGWKDWWKHFHOOV
DUHFRQFDYHDQGWKHUHIRUHDQ\DGKHVLRQSUREOHPZLOOEHH[DVSHUDWHGE\WKHFRQFDYHQDWXUHRIWKH
KRQH\FRPEFHOOV7KLVZLOOEHHVSHFLDOO\WUXHDWFU\RJHQLFWHPSHUDWXUHZKHUHWKH&7(PLVPDWFKEHWZHHQ
WKHFRDWLQJDQGWKHKRQH\FRPEDOXPLQXPFRPELQHGZLWKWKHFRQFDYHQDWXUHRIWKHFHOOVFDQPDNH
DGKHVLRQGLIILFXOW$Q\ORVVRIDGKHVLRQZLOORIFRXUVHUHVXOWLQDGURSLQHIIHFWLYHHPLWWDQFHRIWKH
KRQH\FRPEFHOO


&RQVLGHUDWLRQVDQG/HVVRQV/HDUQHG

:KHQFRQVLGHULQJHPLWWDQFHWKHUHDUHVRPHLPSRUWDQWSRLQWVWRNHHSLQPLQGZLWKVSDFHFUDIWFRDWLQJV)LUVW
LVWKDWFRDWLQJVDUHW\SLFDOO\WKLQDQGVLQFHHPLWWDQFHGHSHQGVWRVRPHH[WHQWRQWKHWKLFNQHVVRIWKH
FRDWLQJLWLVLPSRUWDQWWREHVXUHWKDWWKHFRDWLQJKDVWKHVSHFLILHGWKLFNQHVV,I\RXUFRDWLQJLVWKLQQHUWKDQ
LVW\SLFDORUVSHFLILHGWKHHPLWWDQFHIRUWKDWFRDWLQJPD\QRWEHYDOLG$OVRVLQFHVRPHFRDWLQJVDUH
SDUWLDOO\WUDQVSDUHQWWKHHPLWWDQFHWRVRPHH[WHQWGHSHQGVRQWKHJLYHQVXEVWUDWH7\SLFDOO\HPLWWDQFHVDUH
PHDVXUHGRYHUDOXPLQXPVLQFHWKLVLVWKHPRVWFRPPRQVSDFHFUDIWVXEVWUDWH,IWKHVXEVWUDWHLVRWKHUWKDQD
PHWDOWKHQHPLWWDQFHRIWKHFRDWLQJFRXOGEHGLIIHUHQWWKDQH[SHFWHGHVSHFLDOO\LIWKHFRDWLQJLVWKLQQHU
WKDQLVW\SLFDO,WVKRXOGDOVREHUHPHPEHUHGWKDWVRPHSDLQWVKDYHVHYHUDOGLIIHUHQWSULPHUVWKDWFDQEH
XVHGDQGWKHXVHRIDGLIIHUHQWSULPHURUWKHODFNRIDSULPHUFDQDIIHFWWKHHPLWWDQFH,QFRQFOXVLRQWKH
WKLFNQHVVDQGHPLWWDQFHRIWKHFRDWLQJVKRXOGDOZD\VEHFKHFNHGDIWHUWKHFRDWLQJLVDSSOLHG











(OHFWULFDO3URSHUWLHV


'XULQJVSDFH IOLJKWPLVVLRQV VSDFHFUDIW FDQHQFRXQWHUHQHUJHWLF FKDUJHGSDUWLFOHV WKDWFDQFDXVHGLIIHUHQWLDO
FKDUJLQJ RI WKH VSDFHFUDIW 7KLV GLIIHUHQWLDO FKDUJLQJ FDQ UHVXOW LQ HOHFWURVWDWLF GLVFKDUJHV (6' EHWZHHQ
YDULRXV SDUWV RI WKH VSDFHFUDIW 7KLV (6' LV D VRXUFH RI HOHFWURPDJQHWLF LQWHUIHUHQFH (0, ZKLFK FDQ EH
FRXSOHGWRHOHFWURQLFGHYLFHV6HQVLWLYH,&VFDQEHGDPDJHGE\VHYHUDOP-PLOOL-RXOHRI(6'DQGFLUFXLWV
FDQEHXSVHWZLWKRQO\VHYHUDOQ-QDQR-RXOH7KLVFKDUJLQJSKHQRPHQRQKDVEHHQEODPHGIRUDUFLQJWKDWKDV
FDXVHGEORZQ IXVHVDQG ORVV RIGDWD WUDQVPLVVLRQRQVHYHUDO VSDFHFUDIW(6'FDQDOVRFDXVHHOHFWURQLFSDUWV
IDLOXUHRSHUDWLRQDODQRPDOLHVGHJUDGDWLRQRIWKHUPDOFRQWUROVXUIDFHVDQGFDQDOVRUHQGHUORZHQHUJ\SDUWLFOH
GHWHFWRUVXVHOHVV

7KHSULQFLSDOFDXVHRIVSDFHFUDIWFKDUJLQJLVWKHFKDUJHGSDUWLFOHVWUDSSHGE\WKHHDUWK¶VPDJQHWLF ILHOG7KH
GLIIHUHQWLDOFKDUJLQJRIWKHUHODWLYHO\WKLQVSDFHFUDIWWKHUPDOFRQWUROFRDWLQJVLVGXHSULPDULO\WRWKHORZHQHUJ\
FKDUJHGSDUWLFOHVLQWKH9DQ$OOHQUDGLDWLRQEHOWV7KHSHQHWUDWLRQGHSWKRIWKHKLJKHQHUJ\FKDUJHGSDUWLFOHVLV
JUHDWHU WKDQ WKH W\SLFDO WKHUPDO FRQWURO FRDWLQJV DQG WKHUHIRUH WKHVH GR QRW FRQWULEXWHPXFK WR WKH VXUIDFH
FKDUJLQJ RI WKH FRDWLQJV 7KH 9DQ $OOHQ EHOWV ZKLFK DUH UHVSRQVLEOH IRU PRVW VSDFHFUDIW FKDUJLQJ DUH
VRPHWLPHVPRGLILHGE\PDJQHWLFGLVWXUEDQFHVDQGWKHVRODUF\FOHEXWJHQHUDOO\H[LVWIURPDSSUR[LPDWHO\
NPWR(DUWKUDGLL,QORZ(DUWKRUELWEHORZNPVSDFHFUDIWFKDUJLQJLVQRWPXFKRIDFRQFHUQ7KH9DQ
$OOHQEHOWVDUHJHQHUDOO\ V\PPHWULF LQD]LPXWKDERXW WKHJHRPDJQHWLFHTXDWRUDQGH[WHQGV WRGHJUHHV
DERYHDQGEHORZLWUHIHUHQFH	7KHDFWXDOIOX[DQGHQHUJ\HQFRXQWHUHGQHHGVWREHFDOFXODWHGIRUHDFK
PLVVLRQ EDVHG RQ WKH VSDFHFUDIW RUELWDQG WLPH RI ODXQFKZLWK UHVSHFW WR WKH VRODUF\FOH 7KH FKDUWVEHORZ
UHIHUHQFHVKRZW\SLFDOGLVWULEXWLRQVRIWUDSSHGHOHFWURQVDQGSURWRQVRIYDU\LQJHQHUJLHVDQGHDUWKUDGLL

 )LJXUH$'LVWULEXWLRQRIWUDSSHGHOHFWURQV )LJXUH$'LVWULEXWLRQRIWUDSSHG
'XULQJVRODUPLQLPXPZLWKHQHUJ\JUHDWHUWKDQ SURWRQVZLWKHQHUJ\JUHDWHUWKDQ0H9
0H9%'LVWULEXWLRQRIHOHFWURQVZLWKVDPH %'LVWULEXWLRQRIWUDSSHGSURWRQVZLWK
HQHUJ\GXULQJVRODUPD[LPXQUHIHUHQFH HQHUJ\JUHDWHUWKDQ0H9UHIHUHQFH




 
)LJXUH7KHUDGLDWLRQGXHWRWUDSSHGSURWRQVLQ )LJXUH7KHUDGLDWLRQGXHWRWUDSSHGHOHFWURQV
DNPSRODURUELWDQGLQDNP°LQFOLQDWLRQ HQFRXQWHUHGLQDNPSRODURUELWDQGLQDNP
RUELWUHIHUHQFH    UHIHUHQFH


'LIIHUHQWLDOVSDFHFUDIWFKDUJLQJLVGHWHUPLQHGE\DQXPEHURIIDFWRUVVXFKDVSKRWRHPLVVLRQIURPWKHFRDWLQJ
WHPSHUDWXUHRIWKHFRDWLQJVHFRQGDU\HPLVVLRQRIHOHFWURQVFRQWDPLQDWLRQRIWKHVXUIDFHLQWHQVLW\RIUDGLDWLRQ
DQGW\SHRIFRDWLQJ'LIIHUHQWLDOVSDFHFUDIWFKDUJLQJLVSULPDULO\WKHUHVXOWRIORZHQHUJ\HOHFWURQIOX[+LJK
HQHUJ\HOHFWURQVSHQHWUDWHWKHWKLQWKHUPDOFRDWLQJVDQGWKHUHIRUHGRQRWFRQWULEXWHWRWKHGLIIHUHQWLDOFKDUJLQJ
SURFHVV/RZHQHUJ\SURWRQVGRQRWSHQHWUDWHWKHFRDWLQJVDQGWKHUHIRUHWKH\WHQGWROHVVHQWKHFKDUJLQJFDXVHG
E\WKHHOHFWURQVEXWWKH\GRQRWHOLPLQDWHLW7KLVLVEHFDXVHSURWRQIOX[LVPXFKOHVVWKDQWKHHOHFWURQIOX[
7KLVPD\VHHPSDUDGR[LFDOVLQFHVSDFHLVRQWKHZKROHFKDUJHQHXWUDO7KHUHDVRQWKHHOHFWURQIOX[LVJUHDWHULV
QRW GXH WR WKH IDFW WKDW WKHUH DUHPRUH HOHFWURQV LQ VSDFH WKDQ SURWRQV 7KHUPRG\QDPLFV UHTXLUHV WKDW WKH
HOHFWURQVDQGSURWRQVEHLQWKHUPRG\QDPLFHTXLOLEULXPZLWKHDFKRWKHU6LQFHWKHPDVVRIWKHHOHFWURQVLVVR
PXFKOHVVWKDQWKHPDVVRISURWRQVWKH\PXVWWUDYHOIDVWHUWKDQWKHSURWRQVLQRUGHUWRUHDFKWKHVDPHNLQHWLF
HQHUJ\DQGKHQFHWKHUPDOHTXLOLEULXP7KLVPHDQVWKDWWKHWRWDOQXPEHURIHOHFWURQVSDVVLQJDJLYHQSRLQWLQD
IL[HGDPRXQWRIWLPHLVJUHDWHUWKDQSURWRQV6RWKHVSDFHFUDIWUHFHLYHVDPXFKJUDWHUHOHFWURQIOX[WKDQSURWRQ
IOX[

1$6$
V SUHIHUUHG UHOLDELOLW\ SUDFWLFHV PDQXDO UHIHUHQFH  UHFRPPHQGV WKDW WKH HQHUJ\ VWRUHG E\ HDFK
QRQFRQGXFWLYHVXUIDFHEHOHVVWKDQP-DQGWKDW(6'HOHFWURVWDWLFGLVFKDUJHVVKRXOGQRWEHDOORZHGWRRFFXU
QHDU UHFHLYHUV RU DQWHQQDV RSHUDWLQJ DW OHVV WKDQ *+] RU QHDU VHQVLWLYH FLUFXLWV  7KLV LPSOLHV WKDW WKH
VSDFHFUDIWPXVWEHLPPXQHWRP-(6'1$6$
V1$6&$3SURJUDPZLOOFDOFXODWHWKHPD[LPXPGLIIHUHQWLDO
FKDUJLQJRQHDFKQRQFRQGXFWLQJVXUIDFHLIWKHFRQGXFWLYLW\RIWKHFRDWLQJVLVNQRZQ

7KHHOHFWULF ILHOG VWUHQJWKZLWKLQD VSDFHFUDIW FRDWLQJFDQ EHFDOFXODWHG LI WKH FRDWLQJ WKLFNQHVVDQGVXUIDFH
YROWDJHDUHNQRZQDQGLVJLYHQE\

G9 (  

:KHUH G LV WKH WKLFNQHVV RI WKH GLHOHFWULFPDWHULDO8VXDOO\ZKHQ WKLV HOHFWULF ILHOG VWUHQJWK LV JUHDWHU WKDQ
[9FPWKHULVNRI(6'LVSUHVHQW


7KHWRWDO(6'HQHUJ\FDQEHFDOFXODWHGIURP

 &9 : 
 

:KHUH&LVWKHFDSDFLWDQFHRIWKHQRQFRQGXFWLYHVXUIDFHZLWKUHVSHFWWRVSDFHFUDIWJURXQG

 G
$ & FRεε 

ZKHUHG  WKH WKLFNQHVV RI WKHFRDWLQJDQGεF LV WKHSHUPLWWLYLW\ RI WKHFRDWLQJDQG$ LV WKH WRWDODUHDRI WKH
FRDWLQJ

7RFDOFXODWHWKHWRWDOHQHUJ\RQHDFKVXUIDFHRIWKHVSDFHFUDIWWKHFKDUJHYROWDJHPXVWEHNQRZQ7KLVWRRFDQ
EHFDOFXODWHGLIWKHUHVLVWLYLWLHVRIWKHFRDWLQJVDUHNQRZQDVZHOODVWKHWRWDOFKDUJHFXUUHQWLPSLQJLQJRQWKH
FRDWLQJ LQ VSDFH ,I WKH UHVLVWDQFH LV QRW NQRZQ JURXQGEDVHG WHVW PXVW EH FRQGXFWHG WR GHWHUPLQH WKHVH
SDUDPHWHUV 7KH (6' HQHUJ\ DV D IXQFWLRQ RI FDSDFLWDQFH DQG YROWDJH OHYHO LV GLVSOD\HG LQ WKH IROORZLQJ
GLDJUDPWDNHQIURP1$6$
VSUHIHUUHGUHOLDELOLW\PDQXDO


)LJXUH(6'(QHUJ\DVD)XQFWLRQRI&DSDFLWDQFHDQG9ROWDJH

6LQFHWKHFXUUHQWDYDLODEOHLQWKHVSDFHHQYLURQPHQWLVUHODWLYHO\ORZPDWHULDOZLWKDUHVLVWLYLW\RI2KPFP
DUHXVXDOO\FRQVLGHUHGDGHTXDWHIRUHIIHFWLYHFKDUJHFRQWURO

)RUVRPHPLVVLRQVKRZHYHULWLVQRWXQXVXDOIRUDUHTXLUHPHQWRIQRWPRUHWKHQYROWSRWHQWLDOGLIIHUHQFHWR
H[LVWEHWZHHQDQ\WZRSDUWVRIWKHVSDFHFUDIW7KLVLVIDUEHORZWKHP-OLPLWRIDFFHSWDELOLW\WRSUHYHQW(6'
8QGHUWKHVHVWULQJHQWUHTXLUHPHQWVDPRUHFRQGXFWLYHFRDWLQJLVQHFHVVDU\


:KHQ VSDFHFUDIW FKDUJLQJ LV RI FRQFHUQ WZR EDVLF FDVHV PXVW EH FRQVLGHUHG LQ RUGHU WR PHDVXUH WKH
FRQGXFWLYLW\RUSUHGLFWWKHFKDUJLQJOHYHO7KH ILUVWFDVHGHDOVZLWKDFRQGXFWLYHFRDWLQJRQDQRQFRQGXFWLYH
VXEVWUDWH,QWKLVVLWXDWLRQFKDUJHFRQWUROLVDFKLHYHGWKURXJKWKHLQKHUHQWVKHHWFRQGXFWLYLW\RIWKHFRDWLQJ




)RUVLPSOLFLW\OHWWKHFRQGXFWLYHFRDWLQJKDYHFRQGXFWLYLW\ρDQGOHWLWEHLQDQHQYLURQPHQWZLWKDLQFRPLQJ
FXUUHQWGHQVLW\RI-DPSVFPVHFDWVRPHDQJOHθZLWKUHVSHFWWRWKHVXUIDFHDQGOHW¶VIXUWKHUDVVXPHWKDWWKH
FKDUJHLVGHSRVLWHGDWWKHVXUIDFHZLWKQRSKRWRRUVHFRQGDU\HPLVVLRQV7KHPD[LPXPYROWDJHZLOORFFXUDWD
SRLQWIXUWKHVWIURPWKHJURXQGSRLQW,QWKHILJXUHWKLVLVMXVWKVLQFHLWLVDVVXPHGWKDWWKHHQWLUHHGJHRIWKH
FRDWLQJLVJURXQGHG

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6SDFHFUDIW
*URXQG
&RDWLQJ
,QFRPLQJ&KDUJHG3DUWLFOHV

)LJXUH6SDFHFUDIW&RDWLQJRQDQ,QVXODWLQJ6XEVWUDWH


7KHQWKHWRWDOFXUUHQWLQFLGHQWRQWKHFRDWLQJLVWKHUHIRUH

FRV θ-K$- , =⋅ && 

$QGWKHYROWDJHSRWHQWLDOIURPKWRJURXQGLVMXVW
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FRV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
ZKHUHρG WKHVKHHWFRQGXFWLYLW\RIWKHFRDWLQJLQΩ RKPVSHUVTXDUHZKHUHWKHVL]HRIWKHVTXDUHLVQRW
UHOHYDQW VLQFH DQ\ VL]H VTXDUHZLOO UHVXOW LQ H[DFWO\ WKH VDPHPHDVXUHG UHVLVWDQFH 1RZGHSHQGLQJ RQ WKH
SDUWLFXODURUELW WKH FXUUHQWGHQVLW\ FDQ UDQJH IURP[DPSFP WR [DPSFP7KLV LPSOLHV WKDW LQ
RUGHUWRKDYHDYROWDJHSRWHQWLDORIOHVVWKDQRQHYROWZKLFKLVUHTXLUHGRQVRPHVFLHQWLILFPLVVLRQVZLWKD
W\SLFDOFRDWLQJWKLFNQHVVRIPLOVFPDQGJURXQGHGRQDFPVTXDUHWKHVKHHWUHVLVWLYLW\RIWKHFRDWLQJ
ZRXOGKDYHWREHDVVXPLQJWKHPD[LPXPFXUUHQWGHQVLW\

ρ≤[Ω


)RUWKHFDVHRIDFRQGXFWLYHSDLQWRQDPHWDOOLFVXEVWUDWHWKHFKDUJHLVQRWFRQGXFWHGODWHUDOO\EXWUDWKHUWKURXJK
WKH WKLFNQHVV RI WKHPDWHULDO WR WKHPHWDOOLF VXEVWUDWH7KH DSSURSULDWH XQLWV IRU WKLV VLWXDWLRQ LV ΩP7KH
VLWXDWLRQLVLOOXVWUDWHGLQWKHIROORZLQJGLDJUDP


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&RDWLQJ
,QFRPLQJ&KDUJHG3DUWLFOHV

)LJXUH6SDFHFUDIW&RDWLQJRQD&RQGXFWLYH6XEVWUDWH


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
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FRV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DQGWKHSRWHQWLDOYROWDJHIURPWKHVXUIDFHRIWKHFRDWLQJWRJURXQGZRXOGEH
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 FRVθρG- 

$VVXPLQJFXUUHQWVRIWKHVDPHRUGHUDVODVWWLPHVJLYHVUHVLVWDQFHVRIWKHRUGHURI


ρ [ΩFP

,W LV LPSRUWDQW WRKDYH WKHDSSURSULDWH VSHFLILFDWLRQZLWK UHVSHFW WR VSDFHFUDIWFKDUJLQJ Ω UHIHUV WR VKHHW
FRQGXFWLYLW\DQGKHQFHDVVXPHVWKDWFKDUJHFRQGXFWLRQZLOOEHODWHUDOO\DORQJWKHVXUIDFHRIDFRDWLQJDSSOLHG
RYHUDQRQFRQGXFWLYHVXEVWUDWHZLWKJURXQGLQJDWWKHHGJHVRIWKHFRDWLQJΩFPUHIHUVWREXONFRQGXFWLYLW\
DQG DVVXPHV WKDW FKDUJH FRQGXFWLRQ ZLOO EH WKURXJK WKH EXON RI WKHPDWHULDO WR DQ HOHFWULFDOO\ FRQGXFWLYH
VXEVWUDWH7KHVHWZRIRUPVRIFRQGXFWLYLW\PHDVXUHPHQWVEXONDQGVKHHWFDQQRWQHFHVVDULO\FDQEHFRQYHUWHG
IURPRQHWRDQRWKHU2QO\LIWKHPDWHULDOLVDPRUSKRXVDQGKRPRJHQHRXVFDQWKHFRQYHUVLRQEHPDGH3DLQWV
OLNHVLOLFDWHVWHQGWRFUDFNZKHQFXULQJDQGWKHUHIRUHSURGXFHDVPDOOVFDOH³PXGWLOOLQJ´HIIHFW,QWKDWFDVH
WKHUH LV OLWWOH LI DQ\ ODWHUDO FRQGXFWLYLW\ DQG FKDUJH FRQGXFWLRQ LV RQO\ SRVVLEOH WKURXJK WKH VXEVWUDWH WR D
PHWDOOLF VXEVWUDWH,QWKLVFDVHDFRQYHUVLRQIURPEXONFRQGXFWLYLW\WRVKHHWFRQGXFWLYLW\RUYLFHYHUVDLVQRW
YDOLG

2QHPHWKRG IRUDOOHYLDWLQJDKLJKFKDUJHZLWKUHVSHFWWRJURXQGRQDQRQFRQGXFWLYHVXEVWUDWHLVWRFRDWWKH
VXEVWUDWHZLWKDFRQGXFWLYHPHGLXPEHIRUHWKHDSSOLFDWLRQRIWKHWKHUPDOFRQWUROFRDWLQJDVVKRZQLQ)LJXUH




0HWDOLF)LOP
6SDFHFUDIW&RDWLQJ
1RQ&RQGXFWLYH6XEVWUDWH
6SDFHFUDIW
*URXQG

)LJXUH2QH0HWKRGRI*URXQGLQJ6SDFHFUDIW&RDWLQJWRDQRQ&RQGXFWLYH6XEVWUDWH

$QRWKHUFRPPRQPHWKRGRISUHYHQWLQJVSDFHFUDIWFKDUJLQJ LV WRFRDW WKH WKHUPDOFRQWUROFRDWLQJZLWKD
YHU\ WKLQ OD\HU W\SLFDOO\cRI ,QGLXP7LQ2[LGH7KLVSURYLGHVDFRQGXFWLYHSDWK IRUHOHFWURQVDQG
GRHV QRW FKDQJH WKH HPLWWDQFH RI WKH FRDWLQJV EXW GRHV LQFUHDVH WKH VRODU DEVRUSWDQFH VRPHZKDW  2QH
PHWKRG WKDWKDVEHHQ WULHGPDQ\ WLPHV WKDWGRHVQRW W\SLFDOO\KDYHDQ\ HIIHFW RQFKDUJLQJ LV WKHXVHRI
YDSRUGHSRVLWHGDOXPLQXPJULGV 2QDQRQFRQGXFWLYHVXUIDFH WKHJULGVDUH LQWHQGHG WRFDUU\DZD\DQ\
FKDUJH EXLOG XS EHWZHHQ WKH JULGV:KDW W\SLFDOO\ KDSSHQV LV WKDW WKH VSDFH EHWZHHQ WKH JULGV VLPSO\
FKDUJHV WR LWV PD[LPXP OHYHO DQG WKHQ GLVFKDUJHV E\ VPDOO DUFV WR WKH JULG 7KLV RYHU WLPH WHQGV WR
YDSRUL]HWKHJULGDQGFDXVHVDFRQVWDQW5)QRLVHZKLOHWKHRYHUDOOFKDUJHRIWKHFRDWLQJLVDERXWWKHVDPH
DVLWZDVZLWKRXWWKHJULG

)LQGLQJ D FRDWLQJZKLFK QRW RQO\ VDWLVILHV WKHUPDO UHTXLUHPHQWV EXW HOHFWULFDO FRQGXFWLYLW\ UHTXLUHPHQWV DV
ZHOO LV VRPHWLPHVGLIILFXOWWR IXOILOO 7KLVLVSDUWLFXODUO\WUXHLIDORZDEVRUSWDQFHKLJKHPLWWDQFHFRDWLQJLV
QHHGHGIRUWKHUPDOUHDVRQV6LQFHWKHFRQGXFWLYLW\RIDGHVLUHGVSDFHFUDIWFRDWLQJPD\QRWEHNQRZQLWPD\EH
QHFHVVDU\WRPHDVXUHWKHFKDUJLQJRUFRQGXFWLYLW\RIWKHFRDWLQJZLWKDJURXQGEDVHGWHVW

,IJURXQGEDVHG WHVWLQJRIDFRDWLQJ LVQHFHVVDU\ WKHPHDVXUHPHQWRIFRQGXFWLYLW\ IRU VSDFH IOLJKWFRDWLQJV
VKRXOGEHSHUIRUPHGXQGHUDVFORVHWRDFWXDOFRQGLWLRQVDVLVSRVVLEOHLQDODERUDWRU\7KHUHDVRQIRUWKLVLVWKDW
WKHFRQGXFWLYLW\RIVSDFHFUDIWFRDWLQJVFDQGHSHQGXSRQDQXPEHURIIDFWRUV)LUVWWKHOHQJWKRIWLPHWKHFRDWLQJ
KDVEHHQH[SRVHGWRYDFXXPFDQFDXVHRXWJDVVLQJRIYRODWLOHVDQGZDWHUYDSRUZKLFKFDQDOWHUWKHFRQGXFWLYLW\
RIWKHFRDWLQJ6HFRQGWKHHQHUJ\RIWKHHOHFWURQIOX[FDQKDYHDEHDULQJRQWKHH[WHQGWRZKLFKDFRDWLQJZLOO
FKDUJHVLQFHWKHFRQGXFWLYLW\LVD IXQFWLRQRIHOHFWURQHQHUJ\7KLUGWKHWHPSHUDWXUHRIWKHFRDWLQJFDQDOVR
SOD\DVLJQLILFDQWUROHLQWKHFKDUJLQJSURFHVV,WLVWKHUHIRUHQHFHVVDU\WRNQRZWKHRSHUDWLQJWHPSHUDWXUHWKDW
WKHFRDWLQJZLOOEHVXEMHFWHGWRRQRUELW

7KH IROORZLQJ FKDUW VKRZV W\SLFDO FRQGXFWLYLW\ FKDQJHV ZLWK WHPSHUDWXUH IRU D FRPPRQ WKHUPDO FRQWURO
FRDWLQJ7KHVHUHVXOWVZHUHREWDLQHGZLWKDPRQRHQHUJHWLFHOHFWURQEHDPDQGUHSUHVHQWWKHDPRXQWRIFKDUJH
EXLOGXSRQWKHVXUIDFHRQDQHOHFWULFDOO\FRQGXFWLYHSDLQWZKHQH[SRVHGWRDQHOHFWURQEHDPDWWZRGLIIHUHQW
WHPSHUDWXUHV

&RQGXFWLYH:KLWH3DLQW
%HDP(QHUJ\	&XUUHQW 6XUIDFH&KDUJHYROWV
#Q$FP
7HPS °&
6XUIDFH&KDUJHYROWV
#Q$FP
7HPS °&
.H9  
.H9  
.H9  
.H9  
.H9  

)LJXUH6XUIDFH&KDUJLQJRID:KLWH&RQGXFWLYH3DLQW

7KH LQFRPLQJ FKDUJH IOXHQFH DQG HQHUJ\ FDQ DOVR DIIHFW WKH FKDUJH EXLOG XS:LWK LQFUHDVLQJ HQHUJ\ WKH
SHQHWUDWLRQGHSWKRIWKHHOHFWURQLQFUHDVHVDQGFDQSHQHWUDWHWKHHQWLUHFRDWLQJWKLFNQHVVDQGWKXVUHGXFHWKH
FKDUJHEXLOGXS7KHFKDUWEHORZIRUDWKLQILOPFRDWLQJLOOXVWUDWHVWKHSRLQWDVZHOODVDPDUNHGWHPSHUDWXUH
GHSHQGHQFH


7KLQ)LOP&RDWLQJ
%HDP(QHUJ\	
&XUUHQW
6XUIDFH&KDUJH
7 °&
6XUIDFH&KDUJH
7 °&
6XUIDFH&KDUJH
7 °&
6XUIDFH&KDUJH
7 °&
.H9#Q$FP    
.H9#Q$FP    
.H9#Q$FP    
.H9#Q$FP    
.H9#Q$FP    
.H9#Q$FP    

)LJXUH6XUIDFH&KDUJLQJRID7KLQ)LOP&RDWLQJ

7KHUHDUHVHYHUDOPHWKRGVIRUGHWHUPLQLQJWKHFRQGXFWLYLW\RIVSDFHFUDIWFRDWLQJV7KHVLPSOHVWLVWKHIRXU
SRLQWSUREHPHWKRG)LJXUH,QWKLVPHWKRGIRXUSRLQWHGSUREHVDUHSODFHGLQFRQWDFWZLWKWKHVXUIDFHRI
WKHFRDWLQJDQGDFXUUHQWLVHVWDEOLVKHGWKURXJKWKHRXWVLGHSRLQWV7KHYROWDJHLVWKHQPHDVXUHGDFURVVWKH
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